ABSTRACT
Introduction
Agile software Development encourages the formation of collaborative and self-organization teams that will have a huge competitive advantage over those who hold the view that a software-development organization is nothing more than a pile of twisty little people all alike. A gelled software team is the most powerful software development force there is. The Agile Manifesto is in the following: 1) Individuals and interactions over processes and tools; 2) Working software over comprehensive documentation; 3) Customer collaboration over contract negotiation; 4) Responding to change over following a plan. Twelve principles underlie the Agile Manifesto, including 1) Our highest priority is to satisfy the customer through early and continuous delivery of valuable software. 2) Welcome changing requirements, even late in development. Agile processes harness change for the customer's competitive advantage. 3) Deliver working software frequently, from a couple of weeks to a couple of months, with a preference to the shorter timescale. 4) Business people and developers must work together daily throughout the project. 5) Build projects around motivated individuals. Give them the environment and support they need, and trust them to get the job done. 6) The most efficient and effective method of conveying information to and within a development team is face-to-face conversation. 7) Working software is the primary measure of progress. 8) Agile processes promote sustainable development. 9) The sponsors, developers, and users should be able to maintain a constant pace indefinitely. 10) Continuous attention to technical excellence and good design enhances agility. 11) Simplicity. 12) The best architectures, requirements, and designs emerge from self-organizing teams [1] .
P company is a multi-business company, and its main business is telecommunications services of Hong Kong. The P company referred in this paper is software development department of IT business division in P company. The staff in this department are more than 600 people, distributed in Hong Kong, Guangzhou, Beijing, Shanghai and other places. Department leadership attaches great importance to software process improvement, and the company has received ISO9001 and CMMI-5 certification. The market situation has changed greatly after financial crisis, P company has to adjust their software development process to meet the challenges of the *This research was supported by Key Project of Guangdong Province Education Office (06JDXM63002), NSF of China (70471091), and QualiPSo (IST-FP6-IP-034763).
coming business environment. As the agile development method is efficient and simple, P company tries to use it in small area of some projects. This paper is organized as follows: the first part is software process analysis before implementation of agile method, which contains process management and organizational culture; then the second part is to design and verify the model of critical success factors in P company, proposing ten principles with the analysis of agile methods typical of the knowledge creation, based on the results of the increasingly popular open-source software development; the last part is the conclusion.
Analysis on the Process of P Corporation

Analysis of Process Management
In order to meet the rating requirements of CMMI, P company design a set of quality management processes, including quality assurance program, process quality assurance, product quality assurance and evaluation, product testing, defect management and other aspects. P company's process management tool is mainly used in the Gantt Chart. First, Project manager and core team members (each team leader) make the task decomposition, usually at the third level of decomposition to the WBS. Team leaders should complete a progress report on the situation to the project manager every week. Forced to survive pressure many employees often work overtime for free. When many low-level project staff have accumulated some project experience, often choose to leave the company and find another job.
P company usually send one or two senior analyst or business analyst to IT department of customer, and the analysts are in the charge of building Workshop with senior analyst from IT department of customer and communication between project delivery team and users. The workshop plays an important role: they collect and collate customer first-hand information, submit to the project delivery team to do demand analysis; they solve the problems from the demand analysis in delivery team; they review the requirements specifications made by delivery team; As P company usually uses JRP [2] method in the process of demand analysis, Work Shop is also responsible for organizing and coordinating the JRP meeting, including the development agenda, chairing the meeting, summary report, etc. If certain information has been misinterpreted or mishandled by some individuals of Workshop, the entire delivery team will be greatly affected.
Software development is knowledge-intensive work, tacit knowledge is more important than explicit knowledge in the development process [3] . The main communication channel of tacit knowledge in P company is that the staff familiar with each other to communicate privately. Of course, this mode of transmission is very inefficient.
Analysis of Organizational Culture
Agile software process improvement is not only a simple process, but also is related to some factors such as organizational culture [4] . In this paper we analysis some factors that are related with agile process improvement. 1). The prevalence of overtime culture. Overtime work is not suggested in the agile methodology, and is contrary to the principle "offer the employee sustainable development". 2) the culture of low-level trust. The top leaders in the company doubt the staff's work capacity and professionalism, always suspect that the staff can not get the job done because they don't have the right attitude. 3) Lack of the spirit of mutual cooperation. P company pays little attention to the cultivation of team spirit, and seldom organize activities about team building. However, once there is something wrong with the project, it's not a good thing for each member.
In all, the prominent phenomenon in P company's software and organizational culture are: tedious process, too much documents, formal assessment, serious overtime work, non-smooth knowledge communication channels, lack of trust between top leader and employee and spirit of mutual cooperation. [5] . Jarvenppa and Ives state that the model of information system to support top leaders should be divided into two dimensions: participation and recognition [6] . This paper argues that these views also adapts to the agile process improvement in P company. Hypothesis (H1): Support from top leaders plays a positive role in promoting successful implementation of agile process improvement.
Design of Critical
Support from Organization
Sharifi believes that organization that has agile capability must get the organization support [7] . In this paper we find that organizational factors that are related to P company are as follows: creating a clear vision, establishing agile organizational culture, the establishment of a learning organization and changing management, etc.
Hypothesis (H2): Support from organization plays a positive role in promoting successful implementation of agile process improvement.
Tool and Technology
Sharifi states that if organization wants to get the agile capacity it must use suitable technology and tools [7] . In 12 principles of agile declaration it states that we should always pay attention to matching of excellent technology and design, so that we can improve software the rapid response capability [8] . P company mostly develop enterprise applications, so some aspects among them are similar, such as security management, document management and clients management, etc. Use of software reuse is appropriate to obtain agility.
Hypothesis (H3): Use of the tools and technology plays a positive role in promoting successful implementtation of agile process improvement.
Suitable Import Method
The number of the software development projects is more than 10 every year. In small ones it needs ten employees, while in larger ones it needs 50 or 100 employees. Agile methods not only require certain skills, but also need employee's self-discipline [9] .
Hypothesis (H4): Suitable import method plays a positive role in promoting successful implementation of agile process improvement.
Education and Training
Martin Fowler said "Whatever you select some technology, it's not easy to make it clear how the specific implementation. Agile methods are particular, because it will need you to change the mind! Many people just focus on specific practices rather than the philosophy behind them. Is it possible that you ignore the philosophy of the system and look forward to good results?" [10, 11] .
Hypothesis (H5): Education and training play a positive role in promoting successful implementation of agile process improvement.
Analysis of Control Variables
Three factors are selected as control variables in successful implementation of agile process improvement in P company: 1) Support from clients. Without their understanding, support and cooperation, agile software process is difficult to successfully implement in P company. 2) Types of project contract. It's more difficult to implement if fixed price contract is used in some project. 3) Types of clients. Two types of software product are offered by P company. One is E-Government software for departments of government; the other is enterprise business software. In this paper we define the types of clients as control variable because they do not have enough strength to select customers.
Successful Agile Implementation
Kieran states that the organizations' agility is mainly reflected in four aspects: 1) Innovation. Agile methods provide innovation, and better and new method should be continuously explored to solve the problem. 2) Rapid response to change. When organizations are in rapidly changing environment, we should get rapid response to change and adjust organization to survive. 3) Initiative. Rapid response is passive, and always after the change. Organizations should not wait for the appearance of change, take action before the change, or even create the change. 4) Learning. Organizations should not only get response to change and create it, and learning knowledge from it. Organizations should have a good learning ability to be creative, in order to adapt to change and create it. In this paper whether the agile process improvement is success is determined according to the four aspects above. Critical Success Factor Model in agile process improvement in P Corporation is shown in Figure 1 Table 1) . Control variables are not included in question items, because they are used to make exploratory research.
Questionnaire Delivery and Data Collection
In this paper we distribute the questionnaires in e-mail in P company with help of the sector vice president. A total of 80 questionnaires are distributed, 51 valid questionnaires are recovered. Staff in investigation, including sector vice president and senior project managers, project managers, technical specialists (architects and analysts), programmers, testers and system administrators, covers almost all the roles related with agile process improvement in company ( Table 2) . This paper is validated from face validity, content validity, construct validity [12] .
Face Validity
We make a pre-survey of small sample before the official release, according to survey results we adjust the questionnaire to ensure that the contents of the questionnaire is acceptable for the most. Therefore, this questionnaire meets the requirements of face validity.
Content Validity
Most of the critical success factors and performance evaluation indexes are selected in the research results of experts and scholars, while small part of them are sorted and classified by the interviews. Therefore, content validity meets the requirements of research.
Construct Validity
In Table 3 , KMO > 0.6, the degree of common variance among the five variables is "mediocre" bordering on "middling". While the significance probability of Bartlett's Test is 0.000 (< 0.01), statistics is suitable to factor analysis. Table 4 shows that the extracted principal components factors consistent with the hypothesis. But they are different as follows: 1) Q8 of the leading is divided into a main component alone, can not be merged into any other components. 2) Training and education factor and appropriate import factor are combined into a principal component factor; it suggests that we should strengthen training and education at the early stage of agile methods.
3) Q14 (Building the agile organizational culture) of the organization is included into the factor of Table 5 shows that the reliability analysis results of critical success factors and performance evaluation indexes. Most factors' Cronbach's Alpha are around 0.8, the minimum one is 0.690. So questionnaire has high reliability.
Reliability
Discussion
Through empirical research in this paper, we find that: 1) Training and education plays a important role in promoting agile process improvement. We must have professional skills, good professional basic knowledge to achieve the objective. We suggest that learning organizations needs to be built in organization. 2) Agile methods must be established within agile culture, mainly refers to mutual trust and cooperation of the corporate culture.
This study suggests that we should establish the corporate culture of mutual trust to improve development efficiency. In addition, collaboration within the development teams could reduce duplication of effort and greatly improve development efficiency. 3) Attention to the design and application of advanced technology do not receive widespread support. Tools and technical factors related to the question Q18~Q22 scores are generally lower than other factors, most of them are around 3 to 4. But at least it shows that too much emphasis on the importance of design and technology is not correct. Of course, it may be not suitable in other situations because it's just a case. For example, the discipline of the developer is very critical in the agile methods, but it is not selected as a critical success factor because of the strict process management of P company. This paper argues that the increasingly popular open-source software community is typical model of the successful agile software development, reflecting the direction of knowledge creation at the Internet age, and it is worthy of deep study and promoting.
Knowledge Creation in Open Source Software Community
In our understanding, software development is knowledge innovation process in the nature. Open source development is both particular bazaar development and typical agile development, so we can derive knowledge creation principles of Open source development from factors of knowledge creation both existing in two type developments.
Knowledge Creation Theory
Nonaka states that innovation, which is key form of organizational knowledge, cannot be explained sufficiently in terms of information processing. Innovation is a process in which the organization creates and defines problems and then actively develops new knowledge to solve them [13] . He advanced SECI model and bar theory, and pointed out that there are two major latitudes as theory framework of organizational knowledge creation: knowledge's ontology and epistemology. The former includes three levels: individual, group and organization, and the latter includes the tacit knowledge and the explicit knowledge. The key of knowledge creation is to convert tacit knowledge into explicit knowledge. In the process of organizational knowledge creation, organization is to provide proper local to benefit individual's knowledge creation and accumulations and related group activities. He also suggested five enabling conditions on organizational level, which are intention, autonomy, chaos/fluctuation, redundancy and requisite variety [14] .
Knowledge Creation in Values of Agile Development
We will analyze factors of knowledge creation in values of agile development through five enabling conditions of organization knowledge creation, and then find out which values can promote knowledge creation. The relationship between the values of agile development and five enabling conditions of knowledge creation is illustrated in Table 6 we find Individuals and interactions, Working software, Customer collaboration and responding to change all involve enabling conditions. Therefore, we consider they promote knowledge creation.
Rules of Bazaar Development
Eric Raymongd described open source development style lively and in detail-release early and often, delegate everything you can, be open to the point [15] . He considered that development style seemed to resemble a great babbling bazaar of different agendas and approaches, which was quite different from traditional software deve- Release often. And listen to your customers; 8) Given a large enough beta-tester and co-developer base, almost every problem will be characterized quickly and the fix obvious to someone; 9) Smart data structures and dumb code works a lot better than the other way around; 10) If you treat your beta-testers as if they're your most valuable resource, they will respond by becoming your most valuable resource; 11) The next best thing to having good ideas is recognizing good ideas from your users. Sometimes the latter is better; 12) Often, the most striking and innovative solutions come from realizing that your concept of the problem was wrong; 13) "Perfection (in design) is achieved not when there is nothing more to add, but rather when there is nothing more to take away"; 14) Any tool should be useful in the expected way, but a truly great tool lends itself to uses you never expected ; 15) When writing gateway software of any kind, take pains to disturb the data stream as little as possible-and never throw away information unless the recipient forces you to; 16) When your language is nowhere near Turingcomplete, syntactic sugar can your friend; 17) A security system is only as secure as its secret. Beware of pseudosecrets; 18) To solve an interesting problem, start by finding a problem that is interesting to you; 19) Provided the development coordinator has a communications medium at least as good as the Internet, and knows how to lead without coercion, many heads are inevitably better than one.
Knowledge Creation in Rules of Bazzar Development
The relationship between rules in bazzar development and agile development values those promote the knowledge creation is illustrated in Table 7 .
Ten Principles for Knowledge Creation in OSS Development
The principles, including both enabling knowledge factors and agile development features, are in the following: Principle 1. Self-organizing. Open source software (OSS) project teams are all self-organizing teams, since team members work together on designing and developping because of common interest, so it is free to join and exit. Team members are all in high work enthusiasm, willing to think and contribute, and can bring best architectures, requirement and design. Principle 2. Codesharing. Demand change is the related bottle-neck among all the models of individual code, however, code sharing eliminates the bottle-neck. It accelerates the speed of development. Open Source community seems this as one of the most basic principles, as this is the best form to realize the knowledge sharing. Principle 3. Adaptation. OSS development encourages adaptive plan, not predictable practice. That is to say, detailed schedule can not be based on short-term view establishment. What's more, at regular intervals, the team reflects on how to become more effective, then turns and adjusts its behavior accordingly. Principle 4. Usability. The soft ware should be usability. These, including right concept for software architecture, rational design, information enough and assured security, are important for usability. Principle 5. Sustention. It is free to join or exit an OSS project. However, though persons with ability in an OSS team flow fluently, it still keeps a good successor. The project leader turns his work over next leader when he Happiness. An OSS project is attractive and challenging. Developers work together on the OSS project because of common interest. They generally take pleasure in a task when it falls in a sort of optimal challenge zone; not so easy as to be boring, not too hard to achieve. A happy programmer is one who is neither underutilized nor weighed down with ill-formulated goals and stressful process friction. Principle 10: Democracy. OSS development style cannot be based on power relationships-and even if they could be, leadership by coercion would not produce the results we see. The achievement of OSS goal is only simple aggregations of many wishes, and it is exact what OSS needed. Power relationships won't work in OSS project volunteers set up.
Features of Knowledge Creation in Open Source Community
Knowledge creation in the bazzer and the cathedral is illustrated in Table 8 . It is obvious the advantages in the bazzar by the ten principles of knowledge creation. In our understanding, there are three advantages for OSS development in the following.
First, Knowledge Sharing Intensively. In traditional software development, most knowledge is stored in the brains of developers, which belongs to the tacit knowledge. Although companies adopt documentation and repository, hoping to convert the tacit knowledge into explicit knowledge of companies, employees don't have a high enthusiasm for knowledge sharing. Therefore, there is less knowledge sharing. In OSS development, OSS license provides a legal environment of code sharing, and OSS itself is the essence of OSS development. Developers in OSS development are volunteers who are willing to share the code and communicate with each other and have spirit of collaborative development and teamwork.
Second, Knowledge Conversion Rapidly. Traditional software development takes a long period of time to release a new version. Surely it also takes a long period time to get feedback. This kind of development environment fluctuates little, and knowledge flows slowly. Taking a long time to get feedback means it has a long cycle to get new information, so it prolongs speed of conversion. In OSS development, the frequent experimental release assures the quick conversion from tacit knowledge into explicit knowledge. And feedback through quick peer review assures developers gain new useful information fast. Then adaptive feature of development team makes the explicit knowledge converse into tacit knowledge quickly.
Third, Top Talents' Quality and Quantity. Traditional software development is almost firm-based model, and the gaining of developers is constrained by organizational and geographical boundaries. However, the main part of knowledge creation is person, so this kind of model necessary restricts knowledge creation. OSS development is community-based model; members are not restricted in organizational and geographical boundaries. What's more, open source community does not welcome poor developers, so members are top talents. 
Usability
The most widely deployed web server, Rational software architecture, Good in reliability and expandability
Sustention
New developers tend to focus on areas where the former maintainer is no longer interested in working, or in the development of new architectures and features that have no preexisting claims (frontier building).
Talent
The participation in Apache development overall was quite wide, with almost 400 individuals contributing code that was incorporated into a comparatively small product.
Interaction
Since anyone can subscribe to the mailing list, the changes are reviewed by many people outside the core development community, which often results in useful feedback before the software is formally released as a package.
Collaboration 182 people contributed to 695 PR changes, while 249 people contributed to 6092 non-PR changes.
Happiness
Developers tend to work on problems that are identified with areas of the code they are most familiar. Some work on the product's core services, while others work on particular features that they developed.
Democracy
The Apache software development process is a result of both the nature of the project and the backgrounds of the project leaders. It was clear from the very beginning that a geographically distributed set of volunteers, without any traditional organizational ties, would require a unique development process in order to make decisions.
Case Study
The Apache server [17] is, according to the Netcraft survey, the most widely deployed web server at the time of this writing. In fact, the Apache server has grown in "market share" each year since it first appeared in the survey in 1996. By any standard, Apache is very successful [18] . The knowledge creation principles of Open Source development emerge in Apache server ( Table 9 ).
Conclusions
The conclusions are as follows: 1) Education and training play a positive role in promoting successful implement-tation of agile process improvement. 2) Agile methods must be established within agile culture, mainly refers to mutual trust and cooperation of the corporate culture. 3) Attention to the design and application of advanced technology do not receive widespread support. We suggest that too much emphasis on the importance of design and technology is not correct in P company. 
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